Material and Method
Thirty electrocardiograms were obtained during exchange transfusions on 27 infants ( Table 1) . Ten of the babies weighed under 2,500 g. and the smallest baby in the series weighed 790 g. on the day of transfusion. Erythroblastosis due to rhesus incompatibility was the commonest indication for exchange transfusion (23 cases), three had hyperbilirubinaemia of prematurity and there was one case of ABO incompatibility. Elective caesarian section or induction of labour before term was performed in the presence of high or rising maternal antibody titres (Tovey and Valaes, 1959) . Three babies died: one with haemolytic disease was severely affected at birth (haemoglobin 3*7 g./100 ml.), one died of cardiac failure 18 hours after an uneventful exchange transfusion and one died six days after a difficult exchange transfusion (see below).
The technique of exchange transfusion was essentially that described by Allen and Diamond (1957) . The umbilical vein was cannulated with a polythene catheter passed as far as the inferior cava. Venous pressures were measured at the beginning, during and end of the procedure. The exchange was begun after an initial withdrawal of 20-50 ml. and the infant was usually left with a negative balance of 10-30 ml. Babies over 5 lb. (2 .26 kg.) were exchanged in 20 ml. cycles, and those under 5 lb. (2.26 kg.) in 10 ml. cycles; 5 ml. cycles were * Present address: St. Bartholomew's Hospital, London. used in the smallest baby. The donor blood was less than three days old and packed by the removal of 80-90% of the plasma irrespective of the indication for exchange transfusion. A full minute was taken over each injection and the overall rate of exchange was regulated so as not to exceed 5 ml. per minute. The amount transfused was calculated on the basis of 80 ml. per lb. One ml. of 10% calcium gluconate was injected slowly after every 100 to 150 ml. of blood exchanged. Digoxin was given routinely in only the first two cases. Special care was taken to avoid chilling and in most of the premature babies the procedure was performed in an incubator.
A direct writing electrocardiograph was connected to the infant throughout the procedure. The instruments used were the Cardioluxe (Phillips Electrical Ltd.) and the Electrite (Cambridge Instrument Co.). Standard and unipolar limb leads were recorded before starting transfusion and the lead showing the clearest configuration of all parts of the complex was then selected for monitoring. Heart rates were taken every five minutes by counting the deflections of the stylus and a short record taken every 10 to 15 minutes by a student or nurse, who also noted the amounts of blood injected and withdrawn.
Results
The findings are summarized in Tables 2 and 3. Rate and Rhythm. Variations in rate between 110 and 160 per minute were not uncommon, but in two-thirds of the babies the rates before and after the procedure were the same. The record with the fastest initial rate of 168 per minute (Fig. 1) , occurred in a baby who subsequently collapsed during the transfusion. Only three babies developed bradycardia of under 100 per minute; two of these also had abnormal complexes and one died. Slight slowing after injection of calcium gluconate was recorded in five babies. Marked slowing from 166 to 100 per minute was produced in one baby by a deliberately rapid injection of 10 ml. of blood in six seconds (Fig. 2) . P Wave. An increase in the height of the P wave (Fig. 3) was the commonest change encountered and occurred in 14 tracings. This developed soon after beginning the transfusion and was marked in seven cases, but was usually unassociated with any other disturbance. It did not develop during the rapid injection of blood but occurred in other babies during crying (Fig. 4) Table 3 ), but there was no characteristic feature of prematurity.
Case Reports
Case 17. This 3-7 kg. West Indian infant had severe cardiac failure and erythroblastosis due to rhesus antibodies and was given an exchange transfusion 10 hours after birth (Fig. 8) , when 80 ml. of blood were removed initially to lower the venous pressure. After 100 ml. had been exchanged, the electrocardiogram showed widening and notching of the QRS complex but returned to normal after a brief pause and further venesection of 20 ml. The abnormality recurred when the exchange transfusion was resumed and the procedure was then abandoned. The following day a full electrocardiogram showed right bundle-branch block. The infant's condition improved steadily, but he suddenly collapsed and died on the sixth day. Autopsy revealed pulmonary infarcts and also infarction of the spleen and left kidney; there was right ventricular cardiac hypertrophy but no septal defects and histological examination did not add to the macroscopic findings. In retrospect, multiple infarction was thought to have resulted from rapid haemolysis and pulmonary infarction was evident in a pretransfusion chest radiogram.
Case 24. This baby was born by spontaneous vertex delivery at 26 weeks' gestation and weighed 850 g.
(1 lb. 14 oz.) on the third day. An exchange transfusion was performed on the sixth day, when the plasma bilirubin was 26 6 mg. per 100 ml. The procedure was carried out in an incubator, using fresh donor blood in 5 ml. cycles to a total of 140 ml. out and 135 ml. in. Frequent attacks of apnoea and bradycardia occurred throughout the 90-minute procedure. At the end of the transfusion, a particularly long attack was immediately terminated by the intravenous injection of 65 mg. nikethamide in 5 ml. of 5% dextrose solution. The electrocardiogram (Fig. 9) , which had shown bradycardia and flat T waves, reverted to normal and the T waves became upright as a result of the improved oxygenation. Twelve hours after the exchange transfusion, the plasma bilirubin was 12 mg. per 100 ml. and the jaundice The changes are consistent with improved oxygenation.
group.bmj.com on November 7, 2017 -Published by http://adc.bmj.com/ Downloaded from gradually subsided. Her weight, which was 1 lb. 12 oz. (793 g.) on the day of transfusion, fell to I lb. 9 oz. (708 g.), after which she thrived steadily. She was last seen aged 21 months when she was completely normal. Discussion With so much at stake, it is surprising that a more efficient method of monitoring the heart has not yet been universally adopted. Previous reports on the electrocardiographic changes during exchange transfusion are surprisingly few and are mainly concerned with the effects of potassium, calcium and citrate blood levels in comparatively small series. Electrocardiographic monitoring was recommended by Joos, Yu and Miller (1954) who reported instances of bradycardia, A-V block and a prolonged QT interval associated with low ionized serum calcium levels in 10 infants. Depression of the ST segment, elevation of the T wave, ventricular fibrillation and other forms of arrhythmia have also been described (Furman, Hellerstein and Startzman, 1951) . Taylor, Gillis, Nash and Kullman (1961) showed the relation of ventricular fibrillation to potassium and cold in experimental transfusions in rabbits. Recently Montgomery, Vallbona, Hill, Rush and Coleman (1961) reported variations in heart rate but did not comment on other electrocardiographic changes during exchange transfusion.
In the past three years our routine use of the electrocardiogram for monitoring the heart has provided a larger series for analysis than those previously reported. Nevertheless, a comparison of the findings is not valid since special precautions were taken to reduce or avoid all known hazards. For instance, the changes of hypocalcaemia, formerly stressed, are now avoided by routine calcium administration. Similarly, the transfusion was stopped or abandoned if the heart rate varied outside the range of 100-160, or if abnormal complexes appeared.
Our observations are limited in that only a single lead was available for analysis. Elevation of the P wave and slight tachycardia were the commonest changes encountered and were probably due to an increase in right atrial pressure. Slight decrease in the height of the T wave was also considered relatively benign. The He then improved quickly and a repeat exchange transfusion 18 hours later was uneventful. When last seen aged 6 weeks he was a normal thriving baby. In retrospect these changes were consistent with transient coronary ischaemia caused by air embolism.
